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EXPANDABLE BRACHYTHERAPY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 13/861,193, filed Apr. 11, 2013, which 1s a
continuation of U.S. patent application Ser. No. 12/775,636,
filed May 7, 2010, now U.S. Pat. No. 8,562,504, 1ssued Oct.
22, 2013, which 1s a continuation of U.S. patent application
Ser. No. 12/493,884, filed Jun. 29, 2009, now U.S. Pat. No.
8,690,746, 1ssued Apr. 8, 2014, which 1s a continuation of
U.S. patent application Ser. No. 11/266,994, filed Nov. 4,
2005, now U.S. Pat. No. 7,662,082, 1ssued Feb. 16, 2010,
which 1s a non-provisional of U.S. Provisional Patent Appln.
No. 60/625,353, filed on Nov. 5, 2004, pursuant to 35 U.S.C.
§119(e), the texts of which are hereby incorporated by
reference in their entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The mvention relates to the field of brachytherapy. In
particular the invention relates to an expandable brachy-
therapy device and methods of using 1t with the ability to
provide a tailored radioactive dose profile.

2. Description of the Related Technology

A variety of devices exist for performing brachytherapy
on the body. Exemplary devices that are employed 1n body
cavities or cavities created in the body by surgery include,
for example, brachytherapy devices for treatment of breast
cancer, uterine cancer, prostate cancer, treatment of a cavity
left by removal of a tumor, cyst, polyp or similar mass, and
treatment or prevention of restenosis. Some of these devices
are merely implants that are implanted 1n a cavity in the
body to deliver the treatment. However, certain types of
devices are expandable to allow insertion of the device into
the body 1n an unexpanded state, and subsequent expansion
of the device to deliver the brachytherapy. Such expandable
devices are particularly useful for the treatment of, for
example, breast cancer, vascular restenosis and uterine can-
cer.

Breast cancer aflects many women. Not only 1s breast
cancer a serious and life threatening 1llness, quite frequently
the methods 1nvolved 1n treating breast cancer can have
dramatic life altering cosmetic ramifications for a woman.
Treatments, such as mastectomies, mvolve radical surgical
procedures that while saving a patient’s life, oftentimes
extract a high price on both the physical and mental health
of a patient. Other treatment methods may be preferable
because of these drawbacks.

One method of treating breast cancer 1s by subjecting a
cancerous tumor to radiation treatment. Although, doing this
can be as eflective 1n curing breast cancer as more radical
procedures, there 1s a chance that the intense radiation used
in destroying the cancer can adversely aflect healthy tissue
in the area surrounding the area treated. One method for
avoiding potential damage to healthy tissue 1s through the
use of special brachytherapy treatment procedures. Applying
radiation treatment according to a specialized treatment plan
may permit a more eflective treatment while minimizing
undesirable consequences of that treatment.

In a patient with breast cancer one method of treating the
cancer 1s to excise the tumor without removal of the entire
breast. Excising the tumor 1s performed 1n a procedure called
a lumpectomy. A lumpectomy 1s the surgical removal of a
tumor in the breast, along with a small margin of the
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2

surrounding normal breast tissue. A lumpectomy may also
be called a wide excision biopsy, breast conserving therapy
or quadrantectomy (this latter term 1s used when up to one
fourth of the breast 1s removed). The procedure 1s often
performed on women with small or localized breast cancers
and can be an attractive surgical treatment option for breast
cancer because it allows women to maintain most of their
breast after surgery. Several studies have shown that women
with small breast tumors have an equal chance of surviving
breast cancer regardless of whether they have a lumpectomy,
followed by a full course of radiation therapy, or mastec-
tomy (complete breast removal, which generally does not
require post-operative radiation treatment). A lumpectomy
may be performed using a local anesthetic, sedation, or
general anesthesia, depending on the extent of the surgery
needed. The surgeon makes a small 1ncision over or near the
breast tumor and excises the lump or abnormality along with
a margin ol an appropriate thickness of normal surrounding
breast tissue.

Upon excision of the tumor, a cavity 1s created in the
space where the tumor once existed, however some cancer-
ous tissue may remain at the margins. In order to ensure a
tull recovery, radiation therapy 1s applied in the area where
the tumor was located. An exemplary method for performing
radiation therapy 1s to employ an expandable brachytherapy
device that has been inserted into the cavity that remains
aiter the lumpectomy.

One method for using brachytherapy to treat breast cancer
involves placing a radioactive source within a balloon
catheter that has been inserted into the cavity formed by the
lumpectomy. The radioactive source 1s placed within the
central lumen of the balloon catheter, which 1s generally
centered on the longitudinal axis of the expanded device.
This practice places significant limitations on the ability to
customize the treatment for a particular patient. For
example, placing the radioactive source within the central
lumen of the balloon does not permit the radioactive dosage
to be tailored to treat primarily only the areas surrounding
the cavity that require irradiation. Also, placement of the
radioactive source 1n the central lumen may result in healthy
tissue being exposed to undesirable amounts of radiation
during exposure of the tissue requiring treatment and/or
underexposure of tissue that 1s a high risk for cancer
recurrence. This 1s at least partially due to the fact that the
cavity created by the lumpectomy 1s generally non-uniform
in shape, thereby creating a situation where the distance
from the central lumen to tissue at the edge of the cavity may
vary at different locations in the cavity, or healthy tissue 1s
located 1n the treatment region of the radiation field. This 1s
also partially due to the fact that healthy tissue may be
located closer to the central lumen at some locations than at
other locations. This means that in the interest of preserving
healthy tissue and minimizing dose to the skin, the physician
may have to use a dose distribution that 1s less effective than
desired. Alternatively, should the physician employ a dose
suilicient to ensure eflective treatment, healthy tissue may be
damaged. As a result, many physicians opt for alternative
treatments to avoid the risks associated with the prior art
devices.

The catheter material must be stiff enough to maintain
structural and functional integrity and flexible enough to
minimize discomiort and the chance of injury. A broad range
of techmical properties (modulus of elasticity, apparent flex-
ural modulus, and durometer) can be achieved by using
variations on the thousands of different resins that are
current commercially available. The catheters are typically
constructed of many different materials such as: polyvinyl
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chlonnde (PVC), polyethylene (PE), polyolefin copolymer
(POC), mnitinol, {fluoropolymers, polyurethane (PU),
polyetheretherketone (PEEK), polyimide, polyethylene
terephthalate (PET), super-elastics, and shape memory
materials. The maternials used may also be rendered radio-
opaque by the loading of additives such as barium sulfate.

Some prior art brachytherapy methods using balloon
catheters to deliver the radioactive source are discussed
below.

An article by Paul V. Harper from 1966, entitled “Some
Therapeutic Applications of Radioisotopes,” published 1n
the Journal MSMA, discusses use of balloon catheters for
the treatment of cancer. Harper describes a water filled
balloon provided with a central glass tube which can be used
to fill the balloon. A radioactive tantalum wire 1s inserted
into the central glass tube once the balloon 1s located at the
treatment area and inflated in order to provide brachytherapy
to the treatment area. The Harper device provides an 1sodose
curve that 1s substantially the same shape as the inflated
balloon surface of the device. Harper also describes filling a
specially-designed catheter with a liquid solution of radio-
1sotope after the catheter has been inserted into the body 1n
order to provide radiation to the treatment area. In addition,
Harper describes the provision of plastic spheroids coated
with a radioactive material, which may be packed into a
cavity 1n the body for delivery of a brachytherapy treatment.

Another method for interstitial brachytherapy involves
the 1nsertion of a plurality of hollow needles or catheters into
the breast and through the surgical cavity in the breast,
tollowed by placement of radioactive sources 1n the needles
according to a predetermined treatment plan. High dose rate
iridium sources as well as seed strands are examples of the
type ol radiation sources that may be employed 1n this type
of interstitial brachytherapy.

U.S. Pat. No. 6,482,142 to Winkler et al. discloses a
catheter for use 1n a method for interstitial brachytherapy 1n
a tumor bed. Winkler discloses a device, shown 1n FIG. 4,
having a radiation source 82 made of three wires 84, 86, and
88, each having a plurality of radiation particles. Wire 86 1s
a straight wire that extends along the axis of the device and
wires 84 and 88 are curved wires that may be made from a
shape memory material to allow deformation of the wires for
insertion and removal from the catheter. More or fewer wires
can be provided.

U.S. Pat. No. 5,302,168 to Hess discloses using a balloon
catheter for the treatment of restenosis. FIGS. 2-4 show a
balloon 36 with radioactive elements 38 attached to the outer
surface thereof. Alternatively, the surface of the balloon may
be coated with radioactive material. It appears from FIG. 4,
that the radioactive elements 38 expand from a first size,
shown 1n FIG. 2, to a second, larger size, shown in FIG. 4,
as the balloon 36 expands.

U.S. Pat. No. 5,863,284 to Klein discloses a balloon
catheter for use in angioplasty. Radioactive sources 30 are
spaced around the circumierence of the balloon. The sources
may be attached to the balloon (FIGS. 4 and 4a) or may be
contained 1n a sleeve 48 designed to fit over the balloon
(FIGS. 9-10). At col. 13, lines 1-30, a distal portion 18
includes a plurality of slits to allow expansion of distal
portion 18 when the balloon 1s inflated to thereby position
radioactive elements 30 at substantially umiform intervals
around the inflated balloon. At col. 14, lines 46+, a device 1s
described wherein the distal portion 18 includes an elasto-
meric expansible region 38 which allows expansion of the
distal portion 18 when the balloon 1s expanded to maintain
equal spacing of the radioactive elements about the circum-
terence of the balloon. In the embodiment of FIGS. 7-8
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described at col. 15, lines 5-19, the distal portion 18 includes
a plurality of folds which allow expansion of the distal
portion when the balloon 1s inflated. At col. 15, lines 20-25,
the embodiment shown 1n FIGS. 9-10 1s described. In this
embodiment, a sleeve 48 containing a plurality of folds is
fitted over the balloon. The sleeve 48 1s expandable by virtue
of the folds when the balloon 1s expanded. In yet another
embodiment, the radioactive element 1s integrally formed
with the balloon such that the radioactive element moves
with the balloon as the balloon 1s expanded. To improve the
uniformity of the radiation dose, the device may employ a
secondary radiation source in the form of a guide wire
inserted into the central lumen of the balloon catheter.

The devices discussed above offer various methods for
using a balloon catheter 1n brachytherapy, but do not address
the provision of customized dosing which can be achieved
through the use of certain advantageous features of the
present invention discussed below and set out 1n detail in the
detailed description of the preferred embodiments. It 1s an
object of certain embodiments of the invention to provide an
apparatus and method for providing tailored brachytherapy
treatment.

SUMMARY OF THE

INVENTION

In a first aspect, the present invention relates to a brachy-
therapy device. The device includes a movable surface
portion. One or more source lumens are situated outside the
surface portion of the device and extend a distance suflicient
to permit a radiation source to be loaded 1nto the one or more
source lumens from outside the body after the device 1s
positioned inside a body or surgical cavity for therapy. One
or more sources of radiation may be placed within one or
more of the source lumens to provide a customized radiation
dose to a treatment area. One advantage of the present
invention 1s that the sources of radiation may be placed at
different locations along the length of each source lumen for
the same or different time periods to allow for customization
of the dose delivered to the treatment area.

In a second aspect, the present mmvention relates to a
method of providing brachytherapy. The method involves
the step of inserting a brachytherapy device into a body or
surgical cavity. The brachytherapy device has one or more
source lumens located outside a movable surface portion of
the device. The method further includes the steps of moving
the surface portion within the cavity and placing one or more
radioactive sources within at least one of the source lumens
to provide a customized radiation dose to a treatment area.

These and various other advantages and features of nov-
clty that characterize the invention are pointed out with
particularity in the claims annexed hereto and forming a part
hereof. However, for a better understanding of the invention,
its advantages, and the objects obtained by 1ts use, reference
should be made to the drawings which form a further part
hereof, and to the accompanying descriptive matter, in
which there 1s illustrated and described a preferred embodi-
ment of the ivention.

BRIEF DESCRIPTION OF THE

DRAWINGS

FIG. 1 shows a side view of an expanded device 1n
accordance with a first embodiment of the present invention.
FIG. 2 shows a cross-sectional view of the proximal

portion of the expanded device taken along line 11-1I of FIG.
1.
FIG. 3 shows the balloon catheter of FIGS. 1-2 located 1n

a cavity ol a patient.
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FI1G. 4 shows a side view of an alternative embodiment of
an expanded device with the tubes attached to the movable
surface portion.

FIG. 5 1s a cross-sectional view taken along V-V of FIG.
4.

FIG. 6 shows a side view of an alternative embodiment of
an expandable device with lumens attached only to proximal
and distal portions of the device.

FIG. 7 shows a front view of a manifold for use i the
device of the mnvention.

FIG. 8A shows a side view of a cylinder in the unex-
panded stated formed by a plurality surface portions

hingedly attached to one another.
FIG. 8B shows the same side view of the cylinder of FIG.

8A 1n the expanded state.

FIG. 8C shows a view of the proximal end of the cylinder
of FIGS. 8A-8B.

FI1G. 8D shows a conical expander for use 1n expansion of
the device of FIGS. 8A-8C.

FIG. 9 shows a side view of an expandable device
provided with an attachment sleeve for attachment of the
expander to the expandable surface portion.

FIGS. 10A-10B show longitudinal cross-sectional views
of one embodiment of the expandable device shown 1n FIG.
9 employing flexible rods to expand the expandable surface
portion, with FIG. 10A showing the device in the unex-
panded state and FIG. 10B showing the device in the
expanded state.

FIG. 11 shows a longitudinal cross-sectional view of
another embodiment of the expandable device shown 1n
FIG. 9 employing centrally located linkage arms to expand
the expandable surface portion.

FIG. 12 shows a longitudinal cross-sectional view of yet
another embodiment of the expandable device shown in
FIG. 9 employing linkage arms to expand the expandable
surface portion.

FIG. 13 shows a side view of another embodiment of an
expandable device provided with internal expansion means
to expand the expandable surface portion.

FIG. 14 shows a longitudinal cross-sectional view of one
embodiment of the expandable device shown in FIG. 13
employing flexible rods to expand the expandable surface
portion.

FIG. 15 shows a longitudinal cross-sectional view of
another embodiment of the expandable device shown 1n
FIG. 13 employing a wire mesh to form the expandable
surface portion.

FIGS. 16 A-16B show another embodiment of an expand-
able device which employs a shape memory material, in the
unexpanded and expanded positions, respectively.

FIG. 17A shows an 1sometric view ol another embodi-
ment of an expandable device 1n non-expanded position.

FIG. 17B shows a cross sectional view of the device
shown 1n FIG. 17A.

FIG. 17C shows an 1sometric view ol another embodi-
ment of an expandable device 1n an expanded position.

FIG. 17D shows a cross section view of the expanded
device shown 1n FIG. 17C.

FIG. 18A shows an alternative embodiment of a mecha-
nism for expanding a device.

FIG. 18B shows the mechanism i FIG. 18A 1n an
expanded position.

FIG. 19A shows an alternative embodiment of a mecha-
nism for expanding a device.

FIG. 19B shows a cross sectional view of the mechanism

shown in FIG. 19A
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FIG. 20 shows a schematic representation of a method for
using a brachytherapy device 1n accordance with the present
invention.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENT(S)

L1

Referring now to the drawings, wherein like reference
numerals designate corresponding structure throughout the
several views, and referring to FIG. 1, a side view of a first
embodiment of the present mnvention 1s shown. In this first
embodiment of the invention, a brachytherapy device 1is
provided with an internal lumen and includes a surface
portion that 1s movable. One or more source lumens are
situated outside the movable surface portion of the device
and extend a distance suflicient to permit a radiation source
to be loaded into the one or more source lumens from
outside the body after the device 1s positioned in an existing
body cavity or surgical cavity created by a surgical proce-
dure for therapy. Thus, the devices of the present mnvention
are applicable to both interstitial and inter-cavital brachy-
therapy procedures. One or more sources of radiation may
be placed within one or more of the internal and source
lumens to provide a customized radiation dose to a treatment
area.

In the first embodiment of the invention shown 1n FIG. 1,
the brachytherapy device 1s a balloon catheter 10 that
includes a movable surface portion 2 formed by the surface
of a balloon 14. As shown 1n FIG. 1, balloon 14 of balloon
catheter 10 1s 1n the inflated state. Balloon catheter 10 has a
proximal portion 4, and a distal portion 6. Proximal portion
4 1s of suilicient length to extend from balloon 14 to a
location outside the body when balloon 14 1s positioned
within a surgical or body cavity. Distal portion 6 provides a
location for securing tubes 8, which define external source
lumens 7, to balloon catheter 10. Tubes 8 may be secured to
proximal and distal portions 4, 6 of balloon catheter 10 by
any suitable means such as an adhesive, melt bonding,
staples, clips, or other conventional securing mechanisms.
Tubes 8 may also be formed integrally with one or both of
proximal and distal portions 4, 6 of balloon catheter 10. In
yet another embodiment, Tubes 8 are slidably secured to one
or both of proximal and distal portions 10 within a manifold
30, such as that shown 1n FIG. 7, which forms part of one
or both of proximal and distal portions 4, 6. In this manner,
slack 1n tubes 8 may be taken up by sliding movement of a
portion of tubes 8 through manifold 30 as the movable
surface portion 2 moves. Manifold 30 may be provided at
either the proximal portion 4 or distal portion 6 of the device.

As shown 1n FIGS. 1-2, balloon catheter 10 1s provided
with a plurality of external source lumens 7 defined by tubes
8 which are attached to the proximal and distal portions 4,
6 of balloon catheter 10, by a suitable attachment means.
Tubes 8 may have any cross-sectional shape, such as, for
example, round, oval, elliptical, square, rectangular, trian-
gular, pentagonal, hexagonal, ribbed, etc. Preferred tubes 8
are round, oval or elliptical to avoid any corners or edges
that might catch during insertion or retraction of the brachy-
therapy device 1into or out of the body or surgical cavity, but
may also employ strengthening ribs with rounded edges, i
desired. Source lumens 7 may also have any cross-sectional
shape, including at least round, oval, elliptical, square,
rectangular, triangular, pentagonal, hexagonal, etc. Source
lumens 7 are provided for the purpose of receiving one or
more radiation sources for treatment of the patient. The
brachytherapy device may include any number of external
source lumens 7, and may include, for example, 1-source
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lumens 7, 2-14 20 source lumens 7, or, optionally, 4-16
source lumens 7. Different treatment circumstances may
dictate the use of different numbers of source lumens 7
depending on, for example, the size of the surgical or body
cavity, and the treatment plan. One or more radiation sources
may be inserted into each of source lumens 7 to provide a
customized treatment as described 1n greater detail below. In
order to provide a predictable customized treatment, it 1s
desirable to ensure that tubes 8 are positioned 1n predeter-
mined locations relative to a reference location, such as the
longitudinal axis of balloon catheter 10, so that dose calcu-
lations are based on an accurate representation of the loca-
tion ol source lumens 7 and hence the radiation sources
inserted nto source lumens 7.

In the embodiment of FIG. 1, tubes 8 are not attached to
movable surface portion 2 of balloon 14, which allows tubes
8 to move relative to movable surface portion 2 of balloon
14. This 1s a useful feature of this embodiment since i1t
allows tubes 8 to conform to the shape of movable surface
portion 2, when 1t 1s expanded, without substantial defor-
mation of source lumens 7 as a result of inflation of balloon
14. Tubes 8 may be secured to movable surface portion 2 by
a suitable securing means such as tack bonding or using a
loop 12. Loops 12 may be attached at any location on
movable surface portion 2. As shown, loops 12 are attached
midway between proximal portion 4 and distal portion 6.
Loops 12 are attached to movable surface portion 2 and each
loop 12 surrounds a tube 8 to retain tube 8 1n close proximity
to movable surface portion 2 in the area of loop 12. Loops
12 are shown with a minimal length but loops 12 may also
extend some length 1n the axial direction. Contact between
loop 12 and tube surface 16 of tube 8 restricts the movement
of tube 8 1n a radial direction relative to movable surface
portion 2. Loops 12 may be attached to movable surface
portion 2 by any suitable, conventional securing means.
Loops 12 may be made of either a ngid material or a flexible
material, though loops 12, 1n the embodiment shown, are
made from a semi-rigid or flexible material that 1s biocom-
patible since loops 12 will contact body tissue during use of
the device.

By securing tubes 8 via loops 12 to movable surface
portion 2, tubes 8 are free to move in the axial direction
relative to movable surface portion 2, which allows slack in
tubes 8 to be taken up during inflation of balloon 14, thereby
preventing substantial deformation of source lumens 7 as a
result of movement of movable surface portion 2. The
longitudinal axis of balloon catheter 10 runs from the center
of proximal portion 4 to the center of distal portion 6. Slack
in tubes 8 may be provided 1n a number of different ways.
For example, the length of tubes 8 that extends from
proximal portion 4 to distal portion 6 may be selected to
provide slack 1n that portion of tubes 8. In that embodiment,
tubes 8 are slidably secured at the proximal portion 4 and
have suflicient length between proximal portion 4 and distal
portion 6 to conform to the movable surface portion 2 when
balloon 14 1s 1n the inflated condition. In an alternative
embodiment, instead of attaching tubes 8 to proximal por-
tion 4, tubes 8 can be attached to a movable attachment
location, which 1s associated with, or forms part of, proximal
portion 4. In this manner, slack in tubes 8 can be provided
outside the body or surgical cavity instead ol between
proximal portion 4 and distal portion 6, thereby resulting in
a potential reduction in the diameter of balloon catheter 10
that has to pass through the 1ncision to be inserted into the
body. In this embodiment, the movable attachment location
may be located at the proximal portion 4 for sliding move-
ment 1n a direction substantially parallel to the longitudinal
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axis ol the device. The slack can also be provided at the
distal portion 6 of the device by providing the movable
attachment portion at the distal portion 6 of the device.
Another possibility 1s to pass the proximal end of tubes 8
through a manifold 30, such as that shown i FIG. 7, and
allow tubes 8 to slide within manifold 30 1n order to provide
the required slack. In another embodiment, tubes 8 are
rigidly attached to manifold 30 and manifold 30 1s movable
to provide the required slack.

A variety of different types of radiation sources may be
employed. Any suitable, conventional source may be
employed. For example, a wire source or a catheter-mounted
source may be employed. Radioactive seeds may be
attached to a device suitable for advancement through
lumens 7, 18 for delivering the brachytherapy. Exemplary
radiation sources that may be employed are described in
U.S. Pat. Nos. 5,199,939 and 4,282,781, and pending U.S.
patent application Ser. No. 09/858,366, the disclosures of
which are hereby incorporated by reference for the purpose
of describing the details of a suitable radiation source. In a
preferred embodiment the radiation source 1s made of
iridium-192. However, other suitable radioactive 1sotopes
may be used such as palladium-103, 10dine-123, cesium-
131, rhenium-183, tungsten-181, thulium-170, ytterbium-
169, terbium-161, dysprosium-139, gadolinium-133,
samarium-145 and xenon-127.

FIG. 2 shows a cross-sectional view of proximal portion
4 taken along the line II-II of FIG. 1. Balloon catheter 10 1s
provided with an internal lumen 18 and an intlation lumen
25 that are together defined by a tube 19. Inflation lumen 25
1s used for inflating balloon 14 of balloon catheter 10.
Inflation lumen 25 1s provided with a barrier 26, such as a
check valve, luer actuated valve, or other suitable means,
which permits iflation of balloon 14 via inflation lumen 25,
when 1n an open position, and which retains fluid 1n balloon
14 when 1n a closed position. Barrier 26 1s also adapted to
open to permit deflation of balloon 14 at the end of the
procedure 1n order to facilitate removal of balloon catheter
10 from the surgical or body cavity. Balloon catheter 10 1s
typically inflated by filling balloon 14 with a saline solution
9 1n order to intlate the balloon 14 once 1t 1s located 1n the
cavity left by the lumpectomy. Additional means for infla-
tion may be used including contrast media for increased
visibility, gels with a proper viscosity, as well as some types
of soift, natural or synthetic rubbers, elastomeric materials,
small pellets, spheres, granules, powders, suspensions, gas
generated from chemical reactions, and foams. Alterna-
tively, the fluid mnflation mechamsm may include a syringe,
a gel dispensing tube, or similar, conventional apparatus.
The fluid inflation mechanism may be integrated into the
device, or it may be provided as a separate device. In a
preferred embodiment, balloon 14 1s inflated until 1t com-
presses at least some of the tissue margins 1n the cavity.

Internal lumen 18 may be used for a variety of different
purposes. Internal lumen 18 could be used for insertion of a
guide wire or stiflening spine, for example, should these be
required for a particular procedure. Alternatively, a radiation
source may be inserted via internal lumen 18 as part of the
treatment procedure. In an alternative embodiment, inflation
lumen 25 and internal lumen 18 are formed as a single
lumen, which may be used both for inflation of balloon 14
and 1nsertion of a radiation source or other device. In this
embodiment, barrier 26 can be selected to allow a radiation
source to pass through without permitting back tlow of fluid
out of balloon 14, or, barrier 26 can be advanced to a
location closer to distal portion 6 such that 1t would not be
necessary to pass the radiation source through barrier 26 in
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order to insert 1t into the single central lumen to deliver a
dose of radiation to the patient.

FIG. 3 shows a view of a breast after a lumpectomy has
been performed with balloon catheter 10 of FIGS. 1-2
inserted and inflated in the cavity left by the lumpectomy.
From FIG. 3 1t 1s apparent that the tissue boundary 28 that
forms the cavity 29 left by the lumpectomy 1s typically
non-uniform i1n shape. As a result, there 1s a need to
customize the radiation dose delivered to the tissue to take
into account not only the non-uniform shape of the cavity,
but also to ensure that high-risk areas are sufliciently irra-
diated and that other healthy tissue receives the least pos-
sible radiation dose to prevent or minimize undesirable
tissue damage. This 1s a very significant aspect of the present
invention since prior art balloon catheters are generally only
employed 1 a small portion of procedures because of the
significant drawback that these devices offer either no abil-
ity, or at best, a limited ability to customize the radiation
dose. As a result, doctors often opt for alternative treatment
methods due to the risk of substantial tissue damage and/or
insuilicient irradiation of the high-risk tissue that 1s encoun-
tered with prior art devices.

As shown mn FIG. 3, proximal portion 4 of balloon
catheter 10 1s adapted for attachment to a device for filling
the balloon, such as a syringe or other suitable pumping or
transier device. A syringe may be employed to fill balloon 14
with saline solution via inflation lumen 25, as shown 1n FIG.
5, and/or may be employed to after load one or more
radioactive sources into source lumens 7 and/or internal
lumen 18, as shown 1n FIG. 5, particularly 11 the radioactive
source 15 to be provided as a fluid. Any suitable, conven-
tional afterloader may be employed with the device of the
present invention, such as those that are commercially
available from Nucletron B.V. (Netherlands) and Varian
Medical Systems, Inc. (Palo Alto, Calif.). Proximal portion
4 may be connected to an aifterloader using a manifold
connector similar to the manifold 30 depicted in FIG. 7
below.

FIGS. 4-5 show an alternative embodiment of balloon
catheter 10. In this alternative embodiment, tube surface 16
ol each tube 8 may be attached to movable surface portion
2 of balloon 14 via a flexible attachment 22. The entire
length of tube surface 16 may be attached to movable
surface portion 2 from proximal portion 4 to distal portion
6 via flexible attachment 22. Alternatively, tube surface 16
may be attached at one or more attachment locations 20
located on movable surface portion 2 of balloon 14 via
flexible attachments 22. In FIG. 4, tube 8 1s shown attached
to movable surface portion 2 at two attachment locations 20
via flexible attachments 22. Alternatively there could be
more or less attachment locations 20. Flexible attachments
22 may be fabricated from a material that 1s more tlexible
than the material employed to fabricate tubes 8. Tubes 8 may
be made from a relatively rigid, crush-resistant material that
allows radial bending of tubes 8, as shown in the inflated
position of FIG. 1, but tends to resist deformation of tubes
8 1n a manner that prevents or minimizes deformation of
source lumens 7. Since flexible attachments 22 are more
flexible than tubes 8, flexible attachments 22 will preferen-
tially deform, e.g. by stretching, during inflation of balloon
14, to thereby retain tubes 8 1n close proximity to movable
surface portion 2, without causing substantial deformation
of tubes 8 or source lumens 7. Tubes 8 may also incorporate
directional strengtheming or stiffening ribs 1n order to main-
tain radial positioming about the surface of the movable
surface portion.
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Other suitable means for attaching tubes 8 to movable
surface portion 2 may also be employed. For example, tubes
8 may be formed integrally with movable surface portion 2,
though this embodiment 1s less preferred since 1t may result
in some deformation of tube 8 and hence source lumens 7
during inflation of balloon 14. Generally, the means for
attaching tubes 8 to movable surface portion 2 allow some
movement of tubes 8 relative to movable surface portion 2
such that deformation of tubes 8 thereby deforming source
lumens 7, as a result of the inflation of balloon 14, 1s
prevented or minimized. It 1s also within the scope of the
present invention to apply a combination of flexible attach-
ments 22 and loops 12.

FIG. 6 shows another alternative embodiment wherein
tubes 8 are not secured to movable surface portion 2, but
rather are only attached to distal and proximal portions 4, 6
of device 10. This embodiment provides the most flexibility
to tubes 8. In this embodiment, tubes 8 can be fabricated
from a relatively rigid material and are sized such that tubes
8 form a substantially tight fit with movable surface portion
2 when balloon 14 1s inflated, or incorporate directional
stiflening ribs, 1n order to best locate tubes 8 at a predeter-
mined location relative to the longitudinal axis of balloon
catheter 10. While 1t 1s preferable to provide some additional
stability to tubes 8 by securing tubes 8 to movable surface
portion 2 as described above, thereby ensuring that tubes 8
are always located substantially precisely at a predetermined
location relative to the longitudinal axis of balloon catheter
10, other means such as material selection or tube geometry
and directional strengthening or stiffening ribs can be
employed 11 desired.

FIG. 7 shows a front view of a manifold 30 which can
form part of a manifold connector for connecting proximal
portion 4 to an afterloader, or manifold 30 may be used to
secure tubes 8 in position relative to proximal portion 4 of
balloon catheter 10. Manifold 30 includes a structure 36 that
defines passages 32 for receiving tubes 8 of the balloon
catheter 10. Structure 36 also defines a central lumen 34
through which can be passed, for example, a central tube 19
housing the inflation lumen 235 and internal lumen 18.
Central lumen 34 can alternatively form an integral part of
a combined inflation and internal lumen, when the inflation
and mternal lumens are combined in a single lumen, as
described above. Manifold 30 can be employed to provide
slack 1n tubes 8 as described above. For example, tubes 8 can
be inserted through passages 32 and be allowed to freely
move relative to manifold 30 to provide the required slack.
Alternatively, tubes 8 may be afhixed to manifold 30 and
manifold 30 may be movable relative to the device 10 to
provide the required slack in tubes 8. In another embodi-
ment, manifold 30 1s of suflicient thickness that passages 32
have sufficient length to permit tubes 8 to slide some
distance within passages 32, without disengaging from
mamfold 30, to provide the required slack in tubes 8.

In one embodiment, a combination of the manifold 30, a
plurality of tubes 8 and a distal attachment portion can be
provided as a separate device that can later be combined
with an inflatable balloon inserted through central lumen 34
in manifold 30. This would provide the ability to use several
different sized and/or shaped balloons provided with a
plurality of external source lumens 7 formed by the plurality
of tubes 8 of various geometries as described above asso-
ciated with manifold 30.

The brachytherapy device of the present invention has
been described above with reference to several different
embodiments of balloon catheters 10. However, the device
need not be a balloon catheter. For example, movable
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surface portion 2 can be provided by a movable or expand-
able mechanical device, rather than being formed by an
inflatable balloon. One suitable device 1s shown in FIGS.
8A-8D. As shown, the device can include a cylinder 100
having a proximal end 101 and being formed from several
distinct surface portions 102 that are attached to one another
by, for example, hinges 104. The cylinder 100 1s shown in
the unexpanded position 1 FIGS. 8A and 8C and 1in the
expanded position 1n FIG. 8B. Cylinder 100 1s provided with
an opening 106 that leads to an inner chamber defined by
interior surtfaces 108 into which a conical expander 110 may
be inserted 1 order to expand the surface portions 102 by
contact between the outer surface 111 of conical expander
110 and interior surfaces 108 as the conical expander 1s
passed through opening 106. Thus, the further that the
conical expander 110 1s inserted into the inner chamber
defined by 1nterior surfaces 108, the greater the expansion of
the cylinder 100 since outer surface 111 of conical expander
110 will force the surface portions 102 outward by exertion
of force on interior surfaces 108 of cylinder 100. In this
manner, the movable surface portions 102 of the device are
actuated by a simple mechanical means, rather than by an
inflatable balloon. This device can be provided 1n a variety
of shapes, other than cylindrical, to meet the requirements
for a particular treatment. Other, conventional devices that
provide movable surface portions can also be employed.

FIG. 9 shows a side view of expandable device 40 1n an
expanded state and having a proximal portion 4 and a distal
portion 6. Expandable device 40 includes an expandable
structure 47 that forms an expandable surface portion 2 and
has an interior surface 3. Expandable device 40 1s provided
with a plurality of attachment sleeves 42 which are secured
to expandable surface portion 2 of expandable structure 47.
A plurality of tlexible tubes 8 are secured to the expandable
structure 47 via attachment sleeves 42 1n a manner whereby
tubes 8 can slide within attachment sleeves 42 to provide for
relative movement between tubes 8 and expandable struc-
ture 47.

Tubes 8 extend along the expandable surface portion 2
and terminate at distal end 6 of expandable device 40. Tubes
8 may be provided with tube end plugs 68 to prevent wire
41 or source 43 from exiting distal ends of tubes 8 during
treatment and to prevent body fluids from entering lumens.
At distal end 6 of expandable device 40, there may be
provided an attachment membrane 44 to which tubes 8 may
be attached in any suitable manner. Attachment membrane
44 1s, 1n turn, secured to central tube 19, shown 1n FIGS.
10A-12 to thereby provide structural support to the distal
ends of tubes 8.

In the embodiment of FIG. 9, expandable surface portion
2 1s not expanded by inflation, but 1s instead expanded by a
mechanical expander. FIGS. 10A-12, discussed in detail
below, show three different embodiments of mechanical
expanders for use with the expandable device 40, each of
which utilizes attachment sleeves 42 shown 1n FIG. 9.

FIGS. 10A-10B show a longitudinal cross-sectional view
ol one embodiment of an expandable device 40 as shown 1n
FIG. 9. FIG. 10A shows the expandable device 40 in the
unexpanded state and FIG. 10B shows the expandable
device 40 1n the expanded state. In this embodiment, attach-
ment sleeves 42 are each secured to an equatorial tube
spacing belt 56 in any suitable manner, which tube spacing
belt 56, i turn, 1s secured to expandable structure 47.
Attachment sleeves 42 operate to both secure tubes 8 to
expandable structure 47 and to assist in guiding expansion of
expandable structure 47. Tube spacing belt 56 1s secured to
expandable structure 47 1n any suitable manner, such as by
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being integrally formed with expandable structure 47, or by
being bonded, stitched, and fastened, etc. to expandable
structure 47.

The mechanical expander of FIGS. 10A and 10B, includes
four expander rods 46 each of which 1s secured at the
proximal end 59 thereof to a movable member such as a
sliding sleeve 38 by any suitable means such as by aflixation
of the proximal ends of expander rods 46 in slots 60
provided 1n sliding sleeve 58. Diflerent numbers of expander
rods 46 may be employed. Typically, there will be one
expander rod 46 for each flexible tube 8. Distal ends 45 of
expander rods 46 are secured to tube spacing belt 56 1n any
suitable manner such as by insertion into flexible rod recep-
tacles 48 formed integrally with tube spacing belt 56, as
shown.

The mechanical expander of FIGS. 10A and 10B operates
via the manipulation of sliding sleeve 38 located around
central tube 19 1n the proximal portion 4 of expandable
device 40. During operation of expandable catheter 40,
sliding sleeve 58 1s moved relative to tube 19 towards distal
end 6 of expandable device 40. Moving sliding sleeve 58
forces the proximal ends 59 of rods 46 to move towards the
distal end 6 of expandable device 40. Since distal ends 45 of
rods 46 are fixed to expandable structure 47, this will cause
both expansion of expandable structure 47 and bending of
rods 46, as shown. Moving sliding sleeve 58 back away from
distal end 6 will reverse the process allowing rods 46 to
straighten by virtue of shape memory and allowing expand-
able structure 47 to return to its unexpanded state. An
optional binding ring 62 may be used to secure tubes 8 1n an
approximately cylindrical shape at the proximal portion 4 of
the device 40.

Rod spacing lines 52 are an optional feature that may be
used to maintain a desired spacing between rods 46 and
central tube 19. Rod spacing line 52 1s attached to rods 46
at attachment points 54 and to central tube 19 for the purpose
of maintaining a desired spacing between rods 46 and
central tube 19 during expansion of expandable device 40.
Rod spacing lines 352 are sufliciently flexible that lines 52
can bend to be substantially parallel to central tube 19 when
the device 40 1s 1n the unexpanded state. Alternatively, lines
52 may be rigid, 1n which case lines 52 should be hingedly
or flexibly connected to central tube 19 and rods 46 to allow
for different angles between lines 52, central tube 19 and
rods 46 during expansion of expandable device 40.

Expandable device 40 may be used 1n the same manner as
balloon catheter 10 discussed above in order to treat the
tissue 1n close proximity to a body or surgical cavity. After
expansion of expandable device 40, an aifterloader 1s used
for mserting a source wire 41 or a source 43 into source
lumens 7 and/or internal lumen 18, within tubes 8 and 19
respectively.

The expander shown in FIGS. 10A and 10B can expand
the expandable device 40 without the need for an inflation
fluad. Thus, central tube 19 does not require an intlation
lumen 25 as in the embodiments described above with
respect to FIGS. 1-7. Also, the expandable structure 47 need
not be fluid tight and thus may take on a vanety of
alternative forms. For example, expandable structure 47 may
be made from mesh, a perforated sheet material or some
other fluid permeable structure. However, 1t 1s preferable
that expandable structure 47 be fabricated 1n a manner that
prevents tissue surrounding the body or surgical cavity from
penetrating into expandable structure 47 since this may alter
the dose profile 1n the treatment arca and/or complicates
removal of the brachytherapy device from the body or
surgical cavity.
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The two embodiments shown 1n FIG. 11 and FIG. 12 are
alternative embodiments of the expandable device 40 of
FIG. 9 which use linkage arms 80, rather than expander rods
46, 1n order to expand expandable structure 47. Alternative
expansion mechanisms using various conventional forms of
linkage arms are also possible. Linkage arms 80 may be
constructed of plastic, metal, carbon fibers, ceramics, super-
clastics, shape memory matenals, etc. Linkage arms 80
secure and guide tubes 8 during expansion of expandable
structure 47 as a result of the attachment of linkage arms 80
to expandable structure 47 via pivot points 82 located at the
locations of attachment sleeves 42. Linkage arms 80 are
attached at their proximal ends 81 to slidable sleeve 58 via
additional pivot points 83, and at their distal ends 85 to the
distal portion 6 of expandable device 40 via additional pivot
points 87. Pivot points 87 may be attached to central tube 19,
as shown.

During operation of the embodiment shown i FIG. 11,
sliding sleeve 38 1s moved towards distal end 6 of expand-
able device 40 from a {first position to a second position.
Sliding sleeve 38 i1s also connected to tubes 8 via tube
connecting member 84. Moving sliding sleeve 58 towards
distal end 6 causes linkage arms 80 to pivot about pivot
points 83, 87 at pivot points 82. This causes pivot points 82
to move outwards to the position shown in FIG. 11 to
thereby expand the expandable structure 47.

In the embodiment shown 1n FIG. 12, rigid linkage arms
90 are attached at one end to sliding sleeve 58 via pivot
points 92 and are attached to expandable structure 47 at the
locations of attachment sleeves 42 via pivot points 93. Rigid
linkage arms 90 secure and guide tubes 8 via attachment
sleeves 42 during the expansion of expandable structure 47.

During the operation of the embodiment shown i FIG.
12, sliding sleeve 38 1s moved towards distal end 6 of
expandable device 40 from a first position to a second
position. Moving sliding sleeve 38 towards distal end 6
causes rigid linkage arms 90 to pivot about pivot points 92,
93 and thereby cause expansion of the expandable structure
47.

FIG. 13 shows a side view of an expandable device 64
where tubes 8 are secured directly to outer surface 2 of
expandable structure 47. Expandable device 64 i1s not
inflated and 1s mstead expanded with an internal mechanical
expander. FIGS. 14 and 15, discussed in detail below, show
alternative embodiments of mechanical expanders for use
with expandable device 64 of FIG. 13.

FIG. 14 shows a cross-sectional view of one embodiment
ol an expander for the expandable device 64 shown in FIG.
13. The expander of FIG. 14 includes a plurality of support
rods 66 attached to a sliding sleeve 357 via flexible attach-
ments which may be flexible attachment receptacles 70, as
shown 1n FIG. 14. Flexible attachment receptacles 70 enable
the proximal ends 65 of support rods 66 to be positioned at
different angles relative to sliding sleeve 57 during the
expansion process, while remaining attached to sliding
sleeve 57. Thus, 1in the unexpanded state, proximal ends 65
of support rods 66 may be substantially parallel to the
longitudinal axis of sliding sleeve 57. In the expanded state,
shown 1n FIG. 14, proximal ends 65 of support rods 66 may
be substantially perpendicular to the longitudinal axis of
sliding sleeve 57. At distal end 6, support rods 66 are secured
to a distal attachment fitting 78. Distal attachment fitting 78
includes a central tube attachment portion 71 for supporting
the distal end of central tube 19. Shiding sleeve 57 may
extend the length of central tube 19 1n order to provide
additional support for expandable device 64 during the
process ol expansion.
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Expansion 1s accomplished by moving shiding sleeve 57
towards distal end 6 to cause support rods 66 to bend away
from central tube 19, as shown in FIG. 14. Attached to
expandable support rods 66 1s a loose thin film, mesh or
similar material, which forms expandable structure 47. Once
expanded, binding ring 62 1s used to secure sliding sleeve 57
and tubes 8 1n place for after-loading.

As shown 1n FIG. 14, optional secondary support rods 76
can be used 1n order to provide additional structural support
during the mechanical expansion. Secondary support rods
76 are attached to support rods 66 via flexible attachment
receptacles 74 and are secured to sliding sleeve 57 via sleeve
attachment portions 72. Flexible attachment receptacles 74
enable secondary support rods 76 to flexibly move during
the expansion of expandable structure 47. Sleeve attachment
portions 72 act to secure and guide secondary support rods
72 so that they assist 1n providing structural support to the
support rods 66 so that a substantially spherical shape 1s
achieved when expandable structure 47 1s fully expanded.

The nature of the means for expansion 1 expandable
device 64 shown in FIG. 14 permits expandable device 64
to be expanded without the need for an inflation fluid. This
enables the usage of thin film membrane or a mesh for the
expandable structure 47 that may have reduced radiation
attenuation properties and which need not be fluid tight. The
mechanical means used for expanding expandable device 64
means that central tube 19 does not require an inflation
lumen 25.

FIG. 15 shows a cross-sectional view of the expandable
device 64 shown 1n FIG. 13. In the embodiment shown 1n
FIG. 15, wire mesh 86, which can also be a cage or slit
tubing, 1s expanded from a cylindrical shape that loosely
conforms to the shape of central tube 19 to the spherical
shape shown 1n FIG. 15. Wire mesh 86 1s attached to sliding
sleeve 57 at 1ts proximal end 89 and to central tube 19 at 1ts
distal end. Wire mesh 86 1s constructed from a rigid plastic
material or tempered metal, super-elastic, or a shape
memory material that 1s tlexible enough to bend, but rigid
enough to be able to expand expandable structure 47 to form
a substantially spherical shape. Alternatively, other geom-
etries may be formed 1nstead of a sphere depending on the
needs of treatment and/or cavity shape. Other shapes may
include, for example, pear-shaped, elliptical, tnangular, rect-
angular, irregular, or cylindrical.

In order to expand wire mesh 86 sliding sleeve 57 1s
moved towards distal end 6 of expandable device 64 to
thereby exert pressure on the proximal end 89 of wire mesh
86 thereby causing wire mesh 86 to bend from a substan-
tially straight configuration to the curved configuration
shown 1n FIG. 15, thereby expanding expandable structure
47.

In the various embodiments discussed above, the movable
member 1s described as a slidable sleeve 57, 58 that moves
towards the distal end 6 of the expandable device 40, 64
from a {first position to a second position i1n order to
cllectuate expansion of the expandable structure 47. It 1s to
be understood, however, that various other types of movable
members may be employed 1n the context of the present
invention. For example, similar results can be achieved by
constructing the structure such that the movable member
moves away from the distal end 6 of expandable device 40,
64 to elfectuate expansion of expandable structure 47. Also,
different types of movable members may be employed, other
than a slidable sleeve. For example, the movable member
may be cylindrical device mm an embodiment where no
central tube 1s employed. The movable member may also be
in the form of a plurality of finger-like elements, each of
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which engages the proximal end of the support rod. Other
variations on the shape and structure of the movable member
are possible, so long as the movable member engages and
exerts force on the proximal ends of the support rods to
cause expansion of the expandable structure. Likewise, the
same device may naturally reside 1n the expanded form and
the movable structure may be employed to exert force to
return the shape of the device to a cylindrical form, for
example. Referring now to FIGS. 16A-16B, there 1s shown
another embodiment of a device m accordance with the
present invention that employs a shape memory material,

such as nitinol. As shown in FIG. 16A, the device 120

includes an mner tube 122 of shape memory material that
has been heat treated to provide the desired shape memory,
in this case a hemispherical shape as can be seen 1n FIG.
16B. Mounted on the outside of inner tube 122 are a cap 133
and a plurality of semi-rigid or flexible tubes 124, each of
which defines a source lumen 126 there through. The inner
tube 122 and flexible tubes 124 are confined within an outer
tube 128 which may be made from a relatively rigid,
biocompatible material such as titanium, stainless steel and
other conventional materials. Inner tube 122 may be formed
by providing a tube-shaped shape memory material, laser
cutting the tube into a plurality of expandable arms 123 by
cutting slots between the arms 123 and heat treating the arms
123 to provide the desired shape, e.g. hemispherical in this
case.

The device 120 1s inserted 1nto the surgical or body cavity
in the unexpanded state shown 1n FIG. 16 A. Once the device
120 1s positioned 1n the surgical or body cavity, outer tube
128 is retracted 1n the proximal direction to the position
shown in FIG. 16B, whereupon expandable arms 123
expand to the hemispherical position shown 1n FIG. 16B by
virtue of their shape memory characteristics. This causes
tubes 124 to also take a hemispherical shape thereby posi-
tioming source lumens 126 closely adjacent to the tissue to
be treated. To allow tubes 124 to conform to the shape of
expandable arms 123 in the expanded position, slack may be
provided 1n tubes 124 at the proximal end in any of the
manners described above with respect to other embodiments
of the device of the present invention. Once the treatment 1s
completed, the outer tube 128 may be returned to 1ts original
position to return the device to the unexpanded state of FIG.
16 A for retraction of the device from the body or surgical
cavity. Optionally, mner tube 122 may define a central
source lumen 127. The mner tube 122 may move in relation
to the expandable arms 123 during expansion of the device
120 causing the central source lumen 127 to axially shorten
(relative to the spherical portion) during expansion.

Expandable arms 123 may be covered by a film, mesh or
balloon, not shown, located between expandable arms 123
and flexible tubes 124 to thereby provide a continuous
movable surface portion, 1f desired for a particular treat-
ment.

FIGS. 17A-17D show alternative embodiments that are
similar to the embodiments shown 1n FIGS. 16 A-16B. The
embodiment shown 1n FIGS. 17A-17D includes finger grips
130, plunger 132, and anchoring cap 135. The expansion and
contraction of the device 1s controlled by central control rod
131, shown in FIG. 16B. Central control rod 131 may define
a central lumen 127 which can be used as an additional
source lumen during the treatment procedure. Central con-
trol rod 131 i1s attached to expandable arms 123 via cap 133.
Expandable arms 123 can be formed by partially or wholly
splitting a tube, for example, by laser cutting or other similar
Processes.
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Once 1n the surgical cavity, outer tube 128, which func-
tions like a manifold, 1s fixed and can temporarily be held in
place using finger grips 130. Outer tube 128 may also be
provided with indicia identifying one or more of the flexible
tubes 124. Finger grips 130 can be removable or non-
removable. Central control rod 131 1s fixed to cap 133, but
1s Iree to slide axially inside outer tube 128. To cause
expansion ol expandable arms 123, central control rod 131
1s retracted 1n the proximal direction to the position shown
in FIGS. 17C and 17D using plunger 132. This moves the
expandable arms 123 to the expanded position shown 1n
FIGS. 17C and 17D since the distal ends of expandable arms
123 are captured in corresponding slots 141 1in cap 133. Then
control rod 131 may be locked 1n position via a locking
mechanism facilitated by friction, interference, rotation, an
expanding collar, a thread, or other appropriate, conven-
tional locking mechanism.

Optionally, a strain relief piece, not shown, with a pre-
determined radius can be employed at the proximal and/or
distal end of the device to keep flexible tubes 124 from
kinking. Plunger 132 can be removable or permanently
allixed, and/or flexible or rigid. Plunger 132 can be in the
form of a hand controlled rod, a kinematic mechanism, a
pneumatic mechanism, or other device employing mechani-
cal advantage that can operate via being pushed, pulled,
twisted, or bent.

Between iner tube 122 and flexible tubes 124 can be a
membrane 134 made of woven mesh or polymeric material
to help sculpt tissue 1n the body or surgical cavity. This
membrane can be either elastic or flexible. The membrane
can also be either liquid-tight or breathable.

Finger grips 130 can also act as an anchoring cap or flap
to restrict motion of the device 1n and out of the entry site.
The anchoring cap 135 could also be a device that slides
along the length of outer tube 128 and is then fixed/locked
to outer tube 128 and sutured to the skin. Anchoring cap 135,
or, alternatively, a flap would restrict motion of the device 1n
and out of the body entry site. This should reduce the rate of
infection. In an embodiment using a flap, the flap can be an
extruded portion of the shatft.

The entire device can be placed 1n an outer sheath 136
while 1n the closed position prior to 1nsertion mto the body
or surgical cavity. Sheath 136 may be made of an expandable
matenal, for example, elastic, a un-folding sheet (1.e. para-
chute-like: that opens by unfolding from a tightly folded
shape 1nto a conformed shape), or some conformable struc-
ture. The sheath 136 would act as a barrier between the
device and the body or surgical cavity to limit tissue
ingrowth into the device and/or to act as a barrier to retain
liquid inside the device. This may reduce irritation to the
surrounding skin during treatment and retraction of the
device from the body or surgical cavity, as well as provide
a spacing structure to reduce the dose gradient in the
treatment zone. Sheath 136 may also be made of a bio-
absorbable material that could remain 1n the cavity after the
device 1s removed. The sheath may be coated with an
appropriate material to further reduce adhesion to tissue and
thereby minimize trauma.

FIGS. 18A and 18B show an alternative embodiment of
expandable arms 123. In this embodiment, expandable arms
123 are hourglass-shaped. Expandable arms 123 of this
embodiment, may be made by removing material from tube
140. Tube 140 can be constructed of plastic or a shape
memory material such as nitinol. Hinge 137 forms a living
hinge that enables expandable arms 123 to expand to form
the spherical shape shown 1n FIG. 18B when actuated by a
movable member. In a preferred embodiment, there 1s a
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membrane stretched between each expandable arm 123. The
membrane can be made of woven mesh or polymeric
material to help sculpt tissue 1n the body or surgical cavity.
This membrane can be either elastic or flexible. The mem-
brane can also be either liquud-tight or breathable.

FIGS. 19A and 19B show an alternative embodiment of
expandable arms 123. In this embodiment, expandable arms
123 may be made by making longitudinal slices 139 a tube
140 constructed of thin-walled material such as metal. Hinge
137 1s a living hinge that enables expandable arms 123 to
expand when actuated by a movable member. FIG. 19B
shows a cross-sectional view of the device shown 1n FIG.
19A.

It 1s to be understood that in the above examples, non-
spherical shapes may also be employed throughout the
embodiments and may be controlled as necessary to fill the
particular cavity in question. Sophisticated computer pro-
grams exist for modeling radiation dosages and dose rates.
Such computer programs are currently in use for brachy-
therapy treatment planning. It 1s contemplated the device of
the present invention, when used in combination with such
a treatment planning tool, can provide significant advantages
over prior art devices. Specifically, the computer program
can be employed to take into account a variety of factors that
may aflect the treatment such as the shape of the cavity left
by the lumpectomy, the distance to the tissue to be treated,
the desired depth of tissue rradiation, the existence of areas
of healthy or different tissue for which it 1s desirable to
reduce or minimize the radiation dose, etc. Using these
parameters, 1t 1s possible to create a customized treatment
plan that can be carried out using the device of the present
invention.

The design of the device of the present invention provides
a number of advantageous features that can be exploited 1n
the treatment planning. For example, the location of source
lumens 7 on the outside of movable surface portion 2 allows
the positioning of the radioactive source 1n close proximity
to the treatment area with a minimal amount of intervening,
structure and/or fluid reducing the shielding and/or attenu-
ation of radiation by the structure of the device itsell.
Another significant advantage of the device of the present
invention 1s that 1t presents a large number of different
locations where the radioactive source can be positioned to
deliver the radiation dose. Not only can the source be
positioned 1n any of the source lumens or the internal or
inflation lumen, but the source can also be positioned at any
location along the length of any of these lumens. In addition,
different length sources can be employed within the various
lumens to alter the dose pattern. Moreover, sources of
different activities can be used simultaneously or sequen-
tially 1n one or more of the lumens to further customize the
treatment. In this manner, far more precise dosing can be
provided than 1n prior art brachytherapy devices. As a result,
the device of the present invention will be usetul n a
significantly larger number of procedures, due to the tlex-
ibility that 1t provides 1n dosing the patient.

The device of the present invention can be customized in
various ways lfor specific patients or treatments. For
example, the device may be made 1n different lengths to
accommodate different depths of body or surgical cavities.
In addition, the device may be fabricated with different sizes
and/or shapes of movable surface portions to accommodate
different sized body or surgical cavities. Also, 1n specific
cases 1t may be possible or desirable to use one or more
radiation sources outside the expandable surface portion to
provide additional tailoring of the dose profile delivered by
the device.
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The device of the present invention offers several advan-
tages 1n use. One important advantage 1s that it permits a
very high degree of dose customization for particular treat-
ment plans. Another advantage 1s that the device of the
present invention can be implanted for lengthy periods
without causing a significant disruption 1n the patient’s life
to thereby permit treatments over a period of days or even
weeks. This advantage 1s realized because the proximal
portion of the device that extends out of the body or surgical
cavity can easily be secured and hidden, for example, under
the armpit of a breast cancer patient, while the device 1s
implanted. Also, the present invention provides the ability to
casily customize the length of the device for body or surgical
cavities located at different depths in the body since it 1s
possible to cut the tubes to a desired length for use.

The method for using a brachytherapy device 1n accor-
dance with the present invention for interstitial treatment of
breast cancer will now be discussed. First a lumpectomy 1s
performed on a patient’s breast. A surgeon makes a small
incision over or near the breast tumor and excises the lump
or abnormality along with a margin of appropriate thickness
of normal surrounding breast tissue. After the lumpectomy
has been performed the patient may now undergo radiation
treatment using a brachytherapy device 1n accordance with
the present invention. In standard radiation treatment after a
lumpectomy the treatment runs roughly six weeks for stan-
dard external beam radiation therapy. Utilizing the device of
the present invention, the treatment can usually be shortened
to, for example, twice daily for five days. The treatment
hyperiractionation of 3.4 Gy b.1.d. (twice daily) for five days
(with at least six hours between each fraction) 1s a clinically
derived schedule for accelerated partial breast irradiation.
Alternatively, the device of the present invention may be
used to provide a boost radiation treatment to the lumpec-
tomy site typically following external beam radiation.

FIG. 20 shows a schematic representation of one method
for using a brachytherapy device in accordance with the
present invention. At step 502, at least the portion of the
brachytherapy device of the invention, imcluding the mov-
able surface portion 2, 1s imserted via a surgical incision
made 1n the breast into the cavity in the breast that remains
alter a lumpectomy. At step 504 movable surface portions 2
are moved within the cavity to position source lumens 7
closer to tissue boundary 28.

At step 506 one or more radioactive sources are loaded
into one or more lumens 7, 18. Loading may be dictated, for
example, by a predetermined treatment plan. Step 506 can
involve one or more sub-steps, depending on the complexity
of the treatment plan. Also, the same or different sources
may be inserted into different tubes 8, at diflerent locations
along the lengths of the tubes 8 and/or for different dura-
tions, as explained above. At step 508 the one or more
radioactive source(s) are removed from lumens 7, 18 to
conclude the treatment. At step 510, the movable surface
portions 2 are returned to their original position and at step
512 the brachytherapy device 1s retracted from the body or
surgical cavity. Steps 502-512 can be repeated as needed.
The method of the present invention may further include an
additional step of preparing a treatment plan to be followed
in step 506, 11 desired.

Although use of a brachytherapy device of the present
invention has been described 1n the context of breast cancer
brachytherapy, 1t 1s to be understood that the various devices
of the present invention can be employed in any type of
interstitial brachytherapy wherein a device 1s mserted into a
surgical cavity. The device of the present invention may also
be employed 1n intra-cavital brachytherapy 1n an existing
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body cavity. For example, the devices of the present inven-
tion may be employed for inter-uterine brachytherapy,
esophageal brachytherapy, nasal-pharyngeal brachytherapy,
rectal brachytherapy, or for treatment after removal of a
tumor, cyst, polyp or other mass, thereby creating a surgical
cavity.

Although the devices and methods of the present inven-
tion have been described with reference to breast cancer
brachytherapy, it 1s to be understood that these devices are
applicable for other types of brachytherapy treatment
involving insertion of the brachytherapy device into a body
cavity or a surgical cavity created by a surgical procedure.
These devices or methods may also be employed for the
delivery of various drug therapies or diagnostic agents
desired for the treatment of various other disease states.

It 1s to be understood that even though numerous char-
acteristics and advantages of the present invention have been
set forth 1n the foregoing description, together with details of
the structure and function of the invention, the disclosure 1s
illustrative only, and changes may be made in detail, espe-
cially 1n matters of shape, size and arrangement of parts
within the principles of the invention to the full extent

indicated by the broad general meaning of the terms in
which the appended claims are expressed.

The 1nvention claimed 1s:

1. A brachytherapy device for treating tissue surrounding
a body cavity within a patient, comprising:

a) a shaft having a proximal portion, a distal portion, a
distal treatment portion proximate to the distal portion,
and a longitudinal axis, the shait having a plurality of
flexible tubes defining ofl-set radiation delivery lumens
radially off-set from the longitudinal axis, each of the
plurality of off-set radiation delivery lumens being
configured to receive a radiation source, and the plu-
rality of ofl-set radiation delivery lumens are deform-
able into an arcuate shape;

b) an expandable member coupled to the shatt to define an
expandable volume that surrounds the distal treatment
portion, the expandable member being configured to
provide spacing between said distal treatment portion
and a treatment zone to reduce a dose gradient to said
treatment zone treated by said distal treatment portion;
and

¢) a cap located on the distal portion of the shaft, and a
distal end of each of the plurality of flexible tubes is
secured 1n the cap.

2. The brachytherapy device of claim 1 wherein the
plurality of off-set radiation delivery lumens on the distal
shaft portion have an arcuate shape with an intermediate
portion extending away from the distal shaft portion.

3. The brachytherapy device of claim 2 wherein each of
the intermediate portions of the oil-set radiation delivery
lumens 1s detlectable toward a first portion of tissue sur-
rounding the cavity so that the lumen in each of the
intermediate portions of the ofl-set radiation delivery lumens
1s closer to a first portion of tissue surrounding the cavity
than a second portion of tissue.

4. The brachytherapy device of claim 2 including a
support member extending within the distal shait portion to
support the plurality of off-set radiation delivery lumens
extending within the distal shaft portion in the arcuate shape.

5. The brachytherapy device of claim 4 wherein the
support member has a central radiation delivery lumen
which 1s axially aligned and configured to receive a radiation
source.
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6. The brachytherapy device of claam 4, wherein the
support member has a plurality of channels configured to
receive the plurality of off-set radiation delivery lumens.

7. The brachytherapy device of claim 1 wherein the
plurality of ofi-set radiation delivery lumens include at least
4 ofl-set radiation delivery lumens.

8. The brachytherapy device of claim 1 wheremn the
expandable member 1s configured to at least partially fill the
body cavity.

9. The brachytherapy device of claim 8 wheremn the
expandable member 1s an inflatable balloon having an
interior configured to receive inflation tluid.

10. The brachytherapy device of claim 9 wherein one of
the plurality of ofl-set radiation delivery lumens 1s an
inflation lumen 1n fluidd communication with an mnner lumen
extending within the shaft which 1s 1n fluid communication
with the interior of the inflatable balloon.

11. A brachytherapy device for treating tissue surrounding
a body cavity within a patient, comprising:

a) a shaft having a proximal portion, a distal portion, a
distal treatment portion proximate to the distal portion,
and a longitudinal axis, the shait having a plurality of
flexible tubes defining ofl-set radiation delivery lumens
radially off-set from the longitudinal axis and a central
radiation delivery lumen extending into the distal treat-
ment portion, each of the a plurality of ofl-set radiation
delivery lumens being configured to receive a radiation
source, wherein the plurality of off-set radiation deliv-
ery lumens are deformable into an arcuate shape;

b) an expandable member coupled to the shaft to define an
expandable volume that surrounds the distal treatment
portion, the expandable member being configured to
provide spacing between said distal treatment portion
and a treatment zone to reduce a dose gradient to said
treatment zone treated by said distal treatment portion;
and

¢) a cap located on the distal portion of the shaft, and a
distal end of each of the plurality of flexible tubes is
secured 1n the cap.

12. The brachytherapy device of claim 11 wherein the
plurality of ofl-set radiation delivery lumens on the distal
shaft portion have an arcuate shape with an intermediate
portion extending away from the distal shaft portion.

13. The brachytherapy device of claam 12 wherein the
intermediate portion of each of the ofl-set radiation delivery
lumens 1s deflectable toward a first portion of tissue sur-
rounding the cavity so that the lumens 1n the intermediate
portions of the off-set radiation delivery lumens 1s closer to
a first portion of tissue surrounding the cavity than a second
portion of tissue.

14. The brachytherapy device of claim 12 including a
support member extending within the distal shait portion to
support the plurality of off-set radiation delivery lumens
extending within the distal shaft portion 1n the arcuate shape.

15. The brachytherapy device of claim 14, wherein the
support member has a plurality of channels configured to
receive the plurality of ofi-set radiation delivery lumens.

16. The brachytherapy device of claim 11 wherein the
plurality of ofi-set radiation delivery lumens include at least
4 ofl-set radiation delivery lumens.

17. The brachytherapy device of claim 11 wherein the
expandable member 1s configured to at least partially fill the
body cavity.

18. The brachytherapy device of claam 17 wherein the
expandable member 1s an inflatable balloon having an
interior configured to receive inflation fluid.
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19. The brachytherapy device of claim 18 wherein one of
the plurality of off-set radiation delivery lumens 1s an
inflation lumen 1n fluid communication with an inner lumen
extending within the shait which 1s in fluild communication
with the interior of the milatable balloon. 5

20. The brachytherapy device of claim 19 wherein the
inflation lumen has a barnier for retaining the fluid 1n the
inflatable balloon when the barrier 1s 1n a closed position.
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